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Abstract 

Warm inflationary universe models in a tachyon field theory are studied. General conditions 
required for these models to be realizable are derived and discussed. We describe scalar pertur- 



bations (in the longitudinal gauge) and tensor perturbations for these scenarios. We develop our 
models for a constant dissipation parameter T in one case and one dependent on <p in the other 
case. We have been successful in describing such of inflationary universe models. We use recent as- 
tronomical observations for constraining the parameters appearing in our model. Also, our results 
are compared with their analogous found in the cool inflationary case. 
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I. INTRODUCTION 



It is well known that many long-standing problems of the Big Bang model (horizon, 
flatness, monopoles, etc.) may find a natural solution in the framework of the inflationary 
universe model 0, 0| • One of the success of the inflationary universe model is that it provides 
a causal interpretation of the origin of the observed anisotropy of the cosmic microwave 
background (CMB) radiation, and also the distribution of large scale structures H I^J. In 
standard inflationary universe models, the acceleration of the universe is driven by a scalar 
field (inflaton) with a specific scalar potential, and the quantum fluctuations associated with 
this field generate the density perturbations seeding the structure formation at late time in 
the evolution of the universe. The standard inflationary model is divided into two regimes; 
the slow roll and reheating epochs. In the slow roll period the universe inflates and all 
interactions between the inflation scalar field and any other field are typically neglected. 
Subsequently, a reheating period is invoked to end the period of inflation. After reheating, 
the universe is filled with radiation [5] , and thus the universe is connected with the radiation 
Big-Bang phase. 

Warm inflation is an alternative mechanisms for having successful inflation and avoiding 
the reheating period [6j]. In warm inflation, dissipative effects are important during infla- 
tion, so that radiation production occurs concurrently with the inflationary expansion. The 
dissipating effect arises from a friction term which describes the processes of the scalar field 
dissipating into a thermal bath via its interaction with other fields. Also, warm inflation 
shows how thermal fluctuations during inflation may play a dominant role in producing the 
initial perturbations. In such of models, the density fluctuations arise from thermal rather 
than quantum fluctuations 7]. These fluctuations have their origin in the hot radiation and 
influence the inflaton through a friction term in the equation of motion of the inflaton scalar 
field [S;]. Among the most attractive features of these models, warm inflation ends when the 
universe heats up to become radiation domination; at this epoch the universe stops inflating 
and "smoothly" enters a radiation dominated Big-Bang phasep]. The matter components 
of the universe are created by the decay of either the remaining inflationary field or the 
dominant radiation field P|. 

On the other hand, implications of string/M-theory to Friedmann-Robertson- Walker cos- 
mological models have recently attracted great attention, in particular, those related to 
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brane-antibrane configurations such as space-like branes[10]. The tachyon field associated 
with unstable D-branes might be responsible for cosmological inflation in the early evolution 
of the universe, due to tachyon condensation near the top of the effective scalar potential 
111 which could also add some new form of cosmological dark matter at late times In 

I I 

fact, historically, as was empathized by Gibbons|13|], if the tachyon condensate starts to roll 
down the potential with small initial velocity, then a universe dominated by this new form 
of matter will smoothly evolve from a phase of accelerated expansion (inflation) to an era 
dominated by a non-relativistic fluid, which could contribute to the dark matter specified 
above. 

Usually, in any models of warm inflation, the scalar field which drives inflation is the 
standard inflaton field. As far as we know, a model in which warm inflation is driven by 
a tachyonic scalar field has not been yet studied. The main goal of the present work is 
to investigate the possible realization of a tachyonic warm inflationary universe model. In 
this way, we study cosmological perturbations, which are expressed in terms of different 
parameters appearing in our model. These parameters are constrained from the WMAP 
three-year data 

In section[nJ the dynamics of the tachyon warm inflationary models is obtained. In section 
IIII1 the cosmological perturbations are investigated. In section IIV[ we use an exponential 
scalar potential in the high dissipation regime. There, we distinguish two cases: in the first 
scenario, we consider a constant dissipation rate T, and, in the second one, the dissipation 
rate is considered to be a function of the tachyonic field, 0. Here, we study possibles solutions 
of the approximated field equations. In section we develop, in the same approximation, 
i.e. in the high dissipation regime, models which are characterized by a power law scale 
factor. Finally, in section IVTl we give some conclusions. 



II. WARM INFLATIONARY MODEL 

As was noted by Gibbons , a rolling tachyon condensates in a spatially flat Friedmann- 
Robert son- Walker (FRW) cosmological model is described in terms of an effective fluid with 
energy-momentum tensor = diagi^—p^^p^^p^^p^)^ where the energy density, p^, and 
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pressure, p$, associated with the tachyon field are defined by 

v{4>) 



(i) 



1 - 



and 



-v(<f>) 



(2) 



respectively. Here, denotes the tachyon field (with unit l/m p , where m p represents the 
Planck mass ) and V(<f)) — V is the effective potential associated with this tachyon field. 

The dynamics of the FRW cosmological model in the tachyonic case, in the warm infla- 
tionary scenario is described by the equations 



H 2 



K 



+ P 7 ] 



V 



+ p 7 



1 - 



+ 3H(p 4> +p <j> ) = -r> 2 



'1 - 



3H6 + 



V 



r 

v 



i - 



and 



I> 2 



(3) 



(4) 



(5) 



p 7 + 4f/p 7 

where H = a/a is the Hubble factor, a is a scale factor, p 7 is the energy density of the 
radiation field and V is the dissipation coefficient, with unit nip. The dissipative coefficient 
is responsible for the decay of the tachyon scalar field into radiation during the inflationary 
regimen. In general, T can be assumed as a function of <ft, and thus T = f(<fr) > by 
the Second Law of Thermodynamics. Dots mean derivatives with respect to time, = 
dV((j))/d(j), k = 87r/(3?rip) and we use units in which c — H—1. 

During the inflationary era the energy density associated with the tachyonic field is the 
order of the potential, i.e. ~ V, and dominates over the energy density associated with 

Pt/, > p 7 . Assuming the set of slow-roll conditions, <fi 2 1, and 
the Friedmann equation is reduced to 



the radiation field, i.e 

n 



< (3H + Y/V)(f> 



H 2 



kV, 



and Eq. (jlj) becomes 



3H [ 1 + r 



V 



(6) 



(7) 



where r is the rate defined as 

r = WV' (8) 

and parameterizes the dissipation of our model. For the high (or weak) dissipation regimen, 
r ^> 1 (or r < 1), i.e. the dissipation coefficient T is much greater (or less) than the product 
3HV. 

If we also considered that during tachyon warm inflation radiation production is quasi- 
stable, then p 7 <C 4_£/p 7 and p 7 <C Tip 2 . From Eq.(|SJ) we obtain that the energy density of 
the radiation field becomes 

T<j) 2 



Pi 



(9) 



where a is the Stefan-Boltzmann constant and T r is the temperature of the thermal bath. 
Using Eqs.fZD, © and © we get 

T 4 r i wr 2 

p 7 = a l r 



12k (1 + r) 2 

Introducing the dimensionless slow-roll parameter 



V 



(10) 



H 



H 2 6k (1 



V 



1 

V 



(11) 



it is possible to find a relation between the energy densities p 7 and p<j, given by 



Pi 



(12) 



2(1 + r) 

Here, the energy density of the tachyonic field during inflation corresponds to the potential 
energy, i.e. ~ V. 

The second slow-roll parameter rj becomes 

2" 



H 



V 



EE 3 K (l + r)V 



V r 



1 (V 



V 



V 



(13) 



The condition under which the tachyon warm inflation epoch could take place can be sum- 
marized with the parameter e satisfying the relation e < 1. This condition is analogous to 
the requirement in which a > 0. The condition given above is rewritten in terms of the 
densities by using Eq.flTJJ) as 

(1 + r) 

P4> > 2 y -—^p„ (14) 



which describes the epoch where tachyon warm inflation occur. 
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On the other hand, inflation ends when the universe heats up, at a time when e ~ 1, 
which implies 

(^ -i- r-} 

(15) 



(1 + r) 



The number of e-folds at the end of inflation is given by 

N(<f>) = -3K / — (l + r)#'. 
.1a V.d> 



(16) 



In the following, the subscript i and / are used to denote the beginning and the end of 
inflation. 

III. THE PERTURBATIONS 

In this section we will describe scalar perturbations in the longitudinal gauge, and then, 
we will continue describing tensor perturbations. 

III-l. Scalar Perturbations 



By using the longitudinal gauge in the perturbed FRW metric, we write 

ds 2 = (1 + 2<$>)dt 2 - a(t) 2 (l - 29)S ij dx i dxP , (17) 

where $ = $(£, x) and \? = ^(t, x) are gauge-invariant variables introduced by Bardeen [l^ |. 
In momentum space, for the Fourier components e* kx , with k being the wave number, the 
following set of equations (which are derived from the perturbed Einstein field equations; 
we omit the subscript k here) arises: 



(18) 



47T 

m 2 



1 - dr 



+ 



r 

3H + V 



4p 7 a v V(f) 



3k 



(19) 





<i> + 




.1-0 2 





0£-2(ln(V)),, 



(20) 
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(Sp 7 ) + 4F5p 7 + -ka Pl v - 4p 7 $ - 2 r ^0 - r0[2(50) - 30$] = 0, 



(21) 



and 



v + AHv + - 
a 



$+ 5p I + 3T0 ( 
4p 7 4p 7 



where v appears from the decomposition of the velocity field 5uj 



□ 



(22) 



v e ikx (j = 1, 2, 3) 



15| , and thus producing the 



Note that in the case of the scalar perturbations the tachyon and the radiation fields 
are interacting. Therefore, isocurvature (or entropy) perturbations are generated, besides of 
the adiabatic ones. This occur because warm inflation can be considered as an inflationary 
model with two basics fields Q|. In this context, dissipative effects themselves can 
produce a variety of spectral ranging between red and blue 

running blue to red spectral suggested by WMAP three- year data|4j. We will return to this 
point soon. 

Since what we need are the non- decreasing adiabatic and isocurvature modes on large 
scale k <C aH, (which turn out to be a weak time dependent quantities), without loss of 
generality we may consistently neglect $ and those terms containing two-times derivatives 
and, combining with the slow-roll conditions, the equations for $, 5<p, £p 7 , and v are reduced 
to 

a<tt ( va\ r r r ,//> 

0, (23) 



mi 



H 



r r 

1 + —777 + 



AHV A8H 2 V 



3H + 



r 

V 



(50) + 



(ln(y)),^ + 



: /r 



V 



and 



k 



AaH 



J p 7 r 



$ + 6^ + sr0 



3$, 



$, (24) 
(25) 
(26) 



4p 7 4p 7 
respectively. 

The above equations can be solved taking as the independent variable instead of t. 
With the help of Eq. © we find 



r\ d ( r\ • d , , ^ d 



(27) 



and introducing an auxiliary function <p given by 



exp 



we obtain the following equation for ip 
cp ;4 , V(T/V + 2H) 



1 



r 



<p 



8 (T/V + 3Hf 



r + AHV - 



(3H + T/V) \V 



12H{3H + T/V) 



V 



Solving Eq.flSHJ) and using Eq. (|28jl we find that 

<50 = C(m(V))^exp[3(0)], 

where 3(0) is given by 

9 (T/V + 2H) 



(28) 



(29) 



(30) 



3(0) = - 



(3H + T/V) \V 



T7 + 



8 (T/V + 3H) 2 



r- 



+ 4#V 



r^(ln(F)) >0 \ (ln(y)), 



12H(3H + T/V) J V 
and C is a constant of integration. 

In this way, the expression for the density perturbations becomes (see jl7|) 



ch 



(31) 



2 m? exp[— 3(0)] 



hi 



(32) 



5 <MY)U 

We note here that in the absence of the dissipation coefficient, T = 0, we see that Eq. (J32*Jl 
is reduced to Sh ~ V Sep /(Hep) ~ H5<f)/<fi, which coincides with the expression obtained for 
cool inflation. 

In the case of high dissipation, the dissipation parameter T is much greater that the 
product between the rate expansion H and the scalar potential, i.e. r = T/3HV ^> 1 and 
Eq. (j32|) becomes 

4 exp [-2 3(0)] 



255 

where now 3(0) := 3(0) | r> i becomes 



JJ2 r 2 



3(0) 



+ 
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• (lnr),,(ln(y)),, 
36rH 2 



ch 



(33) 



(34) 



3Hr \V t 

In first approximation, and during the slow-roll phase, the relation between the density 
matter fluctuation, 5p, and the metric perturbation, $, is given by 



bp ~ V, 



-2 [1 + r] V 



1 + 



+ 



r 



AHV A8H 2 V 



(35) 
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where we have used Eq. (J23J). Note that in the absence of dissipation, i.e. T = 0, we recover 
the usual relation Sp/p ~ —2$ valid for cool inflation, in which p ~ V. 

The fluctuations of the tachyon field are generated by thermal interaction with the ra- 
diation field, instead of quantum fluctuations. Following Ref. Q], we may write in the case 
r > 1, 

m 2 - (36) 



2 m 4 p vr 2 ' 



where the wave number kp is defined by kp = ^TH/V = H \/3r > H, and corresponds to 
the freeze-out scale at which dissipation damps out the thermally excited fluctuations. The 
freeze-out wave number kp is defined at the point where the inequality (lnfV))^ < TH/V, 
is satisfied 

Combining Eqs. (J33|) and (^H jl we find 



6 



V3 exp[-23?(0)] T r 



H 



75 7T 2 



r l/2 £ 



H' 



(37) 



or equivalently by using Eqs.Q and (fTU|) we obtained 



x2 ^ 



V3 

75 7T 2 



exp[-25(0)] 



1 V4 



2 r 2 (j k 2 y 



(38) 



where the dimensionless slow-roll parameter in the hight dissipation period becomes 

2 



V 



1 

V 



The scalar spectral index n s is given by 



1 



d\n 5 2 H 
dhik 



(39) 



(40) 



where the interval in wavenumber is related to the number of e-folds by the relation 
d\nk((f)) = —dN((j)), and using Eqs. (J2HI) an d (}4T)j) . it becomes 



1 - 



3rj „(2V 







L ' v 4r J 


-0] 





(41) 



where the second slow- roll parameter rj (for r 3> 1) is given by 

77 



3ktV 



V 



1 (Yd. 

2 \ v 



(42) 



One of feature of the three-year data set from WMAP is that it hints at a significant 
running in the scalar spectral index dn s /dlnk = a s |4]. Dissipative effects themselves can 



produce a rich variety of spectral ranging between red and blue From Eq.flHJ we 

obtain that the running of the scalar spectral index for our model becomes 



O.s 



dn s 
dink 



2Ve 

~v7 



2 e 



23 



(lnr) 5 



+ 



V_ 



23 



(lnr) 



(43) 



In models with only scalar fluctuations, the marginalized value for the derivative of the 
spectral index is approximated as dn s /d\nk = a s ~ —0.05 for WMAP-3 only 

In the next section we will study the specific cases in which the dissipation parameter, 
T, is either T = const, or T = T(0). 



III-2. Tensor Perturbations 

As it is mentioned in Ref . , the generation of tensor perturbation during inflation would 
produce stimulated emission in the thermal background of gravitational wave. This process 
changes the power spectrum of the tensor modes through an extra temperature dependence 
factor coth(A;/2T). The spectrum in this case is given by 



Al 



16tt 





2 


" k ' 




| coth 






2T 



32 V 

3^5 



coth 



2T 



where the spectral index n g results as 



d 



n 



d Ink 



In 



4 2 

A 9 



coth[£;/2T]J 



Here, we have used that A 2 oc k ng coth[fc/2T] and Eq.(fTT|) 



-2e. 

Q. 

From expressions (}3*Tj) . and we may write the tensor-scalar ration as 

240\/3 



R(k 



A 2 

A 9 



■R 



k=ko 



25m 2 , 



'1 + r)eH 3 r _ f k 

- r i/2 T exp[2 3(0)] cothf- 



1 /2 

where we have used that 5h = 2P^ /5. For r 3> 1, this relation reduces to 

240\/3 



R(k 



25m 2 



— exp[2 3(0)] cothf — 



k=ko 



k=ko 



(44) 



(45) 



(46) 
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where ko is referred to as the pivot point. 



4, 



with the SDSS large scale structure 



From the combination of WMAP three- year data 
surveys 20], there is found an upper bound R(k =0.002 Mpc -1 )< 0.28(95%CL), where 
fco=0.002 Mpc -1 corresponds to I = rofco — 30, with the distance to the decoupling surface 
t = 14,400 Mpc. SDSS measures galaxy distributions at red-shifts a ~ 0.1 and probes k 
in the range 0.016 h Mpc _1 < k <0.011 h Mpc -1 . The recent WMAP three-year results 
give the values for the scalar curvature spectrum Pn(ko) = 25<5^ (A; ) /4 ~ 2.3 x 10 -9 and 
the scalar-tensor ration R(k ) = 0.095. These values allow us to find constrains on the 
parameters of our model. 

IV. EXPONENTIAL POTENTIAL IN THE HIGH DISSIPATION APPROACH. 

The tachyonic effective potential V(4>) is one that satisfies V(4>) — > as — > oo. It 
has been argued that the qualitative tachyonic potential of string theory can be describe via 



an exponential potential of the form 



V{cj>) = V e~ a t (47) 



where a and Vq are free parameters. In the following we will take a > (with unit m p 



The parameter a is related to the tachyon mass 2l|. An estimation of these parameters is 



give for the cool inflationary case in 



12j, where Vq ~ 10 l0 mt and a ~ 10 6 m„. 



In the following we will restrict ourselves to the high dissipation regimen in which r ^> 1. 
IV- 1. r = Tq = const, case 

With T = T = const, and using the exponential potential given by Eq. (j47|) . we find that 
the slow roll parameters becomes 

e = V = 77 t- (48) 

The Hubble parameter is given by 

H{(j>) = v^e- Q ^ 2 , (49) 

while the rate r becomes 



r 



m p T 1 
V^F v 3/2 
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e 3a<t,/2 > 1. (50) 



The evolution of the <fi during this scenario is governed by the expression 

Vj, 



3rHV 



(51) 



and using Eqs.(|49 J) - (|51|) . we find that the evolution of the tachyonic field as a function of 
time is given by 

a 2 V 



4>(t) = - In 
a 



Tr 



t 



(52) 



where <p(t = tj = 0) = 0j. Substituting this last equation into Eq.(|15jl. we obtained for the 
scale factor 

a(t) 



cxp 



2r 



ft" 



e a<f>i _|_ 



a 2 Vo 

r 



t - e' 



a<j>i/2 



(53) 



It is not hard to see that d(t = tf) = (or equivalently 6f ~ 1 ), where we get that 

„2 p o e a<t>i 



t 



a 



f 4kT a 2 V 



(54) 



Thus, tf represents the time at which inflation ends. Substituting Eq.(|7§|) into Eq.(JS2J),we 
find that the tachyonic field at the end of inflation becomes 



-I In 

a 



a*V n 



(55) 



The energy density of the radiation field becomes 



Pi 



and, in terms of p&, it is given by 



6k 



a 



y3/2 p -3a<t>/2 



(56) 



P- 



6 k 



a 



r 



3/2 



(57) 



Using Eq. ()16j) . the total number of e-folds at the end of warm inflation results as 



total 



-3k 



2Tc 



K 

V 



-,1/2 



[exp(a<f) f /2 - exp(a0j/2)], 



(58) 



where the initial tachyonic field satisfies <pi < <f>f, since Vi > Vf. 

Rewriting the total number of e-folds in terms of Vf and Vi, and using Eq. (j55j) . we find 



Ni 



total 



1 - — 

Vi 



VA 1/2 ' 



(59) 
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Note that Vi > Vf and thus we obtain N total ^ 1 e-fold. This problem it is not surprising 
since this lies in the slow roll approximation which by virtue of Eq. ()48|) is valid when <p <C In r , 
i.e., when is not too large for the case in which r ^> 1. This implies, from Eq.(|52|). that 
this solution is valid only at early times and therefore it is not asymptotic. Therefore, the 
problem of small e- folds is due to the slow roll approximation. In section V-l, we will again 
consider the case V = const., but there a power law scale factor is assumed. 



IV-2. T as a function of 



In this case we consider T as a function of <p. We take this to be of the form, T = f(<ft) = 
c 2 V(4>) = c 2 Voe~ a ^, where c 2 > (with unit of m p ). The slow roll parameters are equal, 
i.e. 

e = rj 



a 2 e a ^ 2 



2 c 2 (kVo) 1 / 2 



and the dissipation parameter r is given by 



c 2 e a<t>/2 



s(KV y/ 2 - 

In this case, we obtain that the evolution of the tachyon field is given by 



a 



<f)(t) = fa + — t, 



and the scale factor becomes 

a(t) 



a, 



exp 



2c 2 



a' 



^V e- a ^ /2 [l-e 



-a 2 t/2c 2 



The value of the potential at the end of inflation is given by 

„4 



V f = V e~ a ^ 



a 



4kc 4 



and the total number of e-folds is related to V) and Vi through 



V l = {2N to tal-lfVf. 



(60) 



(61) 



(62) 



(63) 



(64) 



(65) 



Note that, unlike in the previous case, the N to tai parameter could assume appropriate values 
(60 or so) for solving the standard cosmological puzzles. To do that, we need the following 
inequality to be satisfied: Vi > 10 4 Vf. 
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At the beginning of inflation the dissipation parameter becomes 



r((f>) = n 



3(2N total -l)a 2 

resulting in the requirement that c 2 ^> a {N to tai — l) 1 ^ 2 - 
On the other hand, from Eq. we obtain that 



> 1, 



(66) 





5 , 21a 2 








exp 



c 2 (6# 2 (4c 4 - 21a 2 ) + #c 2 (8c 4 - 63a 2 ) - 6c 4 a 2 ) 



32H(c 2 + 3H) 2 

From Eq.(|23|). the metric perturbation $ becomes given by 



(67) 



$ ~ -d 



H 
IP 



3H 



i 16c 



1 + 



a 2 c 2 



AH A8H 2 (c 2 + 3H) 



x exp 



c 2 (6# 2 (4c 4 - 21a 2 ) + #c 2 (8c 4 - 63a 2 ) - 6c 4 a 2 ) 



32H(c 2 + 3H) 2 

where the zeroth-order term is related the adiabatic mode and the remaining terms describe 
the ,„ C , U8i „n of dissipation in the negation of the scafar held (the entropy m ode)Q. 

From Eq. (J40|) we obtained that the scalar spectral index of the adiabatic perturbation 
becomes 



n. 



1 - 



3 77 3 „,„ „ 

— - -e(l + e) 
2 4 v ; 



(69) 



which becomes r dependent for the case of high dissipation. 

From Eq.(|37|). when r > 1 or equivalently c 2 ^> 3H, we obtain that the scalar power 
becomes 



Pn(ko) 



K 



19/4 



2 7T 2 



- ^(0o) 5/2 T r 



a z 



exp 



3a 2 



8c 2 v^Wol 



(70) 



and from Eq. (|46p the tensor-scalar ration is given by 



R(k 



3n 2 



a 



C K 



11/4 



exp 



-3a 2 



coth 



fco 
2T 



(71) 



V^f' 2 T r 

where V(<po) = Vq exp[— a0o] an d 4>o represents the value of the tachyon field when the scale 
ko = 0.002Mpc~ 1 was leaving the horizon. 

Using the WMAP three-year data where Pn(ko) — 2.3 x 1CT 9 , R(k ) = 0.095 and choosing 
the parameters c 2 = 10 10 m p , T ~ T r ~ 0.24 x 10 16 GeV and k = 0.002MPC" 1 , we obtained 
from Eqs.dmj) and (JZU) that V(<f> ) ~ 2.43 x 10- 15 m 4 and a ~ 1.76 x 10" 12 m p . We noted 
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that the dissipation coefficient when the scale ko was leaving the horizon is the order of 
r(fco) ~ 10 _5 mp. From Eq. (j43j) we found that it is necessary to increase the value of a by 
several orders of magnitude in order to have a running spectral index a s close to value given 
by WMAP observations. 



V. POWER LAW IN THE HIGH DISSIPATION APPROACH. 

An interesting approach is to choose a scale factor of power law type, i.e. a ~ t p , in which 
p > 2. This allows us to get the form of the scalar potential V(4>) for different values of T 
in the high dissipation approach, i.e. r = ^> 1. Note that if <j) 2 <C 1, ~ V we get 

In the following we will consider some special cases for the parameter T. 



V-l. T = To = const, case 

By using Eqs.(j3J and (JJJJ), we obtained that 

P(f> + Pl + 4 H Pl = 0, (72) 

where we have used for the energy density and pressure associated with the tachyon field 
the relation p^ = —p^ (1 — <fi 2 ). From Eqs.(JH|) and (f72|) and choosing a scale factor of power 
law type, we find that 

P P(2p-1) , n , 7Q x 

P7= 2^' P<t> = 2k t 2 =P^ 2 P- 1 )- ( 73 ) 

From Eq.(@J)(or equivalently from Eq.(|5|)) the temporal evolution of the tachyonic field be- 
comes given by 

U A\ 2 4 » ~ l ) P , 7A s 
=^f^? (74) 

where 4>i is a constant of integration. Substituting Eq.(|75j) into Eq.(JTJ) and using Eq.(|74*jl. 

we obtained that the potential as a function of the tachyonic field <fr becomes 

V(<f>) = fa (0 - 4>iY v/l - (3 2 (cf> - 0O 6 , (75) 
where /3i and @2 are given by 

1 = pt—, and ft- Ki ° 



32p(2p- 1) ' ^ 6Ap 2 (2p- I) 2 ' 
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respectively. 

We note that Eq. (JH) is valid for 

r 

r = — ^— >1 = 
The number of e-folds becomes 



128 p (2p - 1) 



» 0- 



N 



H(t') dt' = 2 pin 



(76) 



(77) 



where the time at the end of inflation is calculated when a = 0, or equivalently, by using 
the relation 

\P4> + Pi = -3{P<t>+Pi)]U(t=tf) > ( 78 ) 
which gives <pj = 1 - (2p + l)/(3(2p - 1)). 

From Eq. (|74|) we find that the time at the end of inflation becomes given by 



3 p (2 P - iy 
4 K r (p-i) 

and from Eqs.(f77j) and (JZHj), we have that 

"4 4 p 2 (2p- l)(p- 1 



1/3 



-1/6 


"iV" 


exp 


2p_ 



3«; 2 r 2 

On the other hand, the spectrum of scalar perturbations becomes 

1/4 

•> \ it,,:)-'' 

Pn(ko) 



7T 



Wo) 23 



37/2 



T 
± r 



1 13 



[4 - 7/3 2 



\612 



(79) 



(80) 



(81) 



and the tensor-scalar ration is given by 



R(k Q 



5127T 



rnf 



ft 



53/2 



23 



1/4 



\1V 



[4 - 7/3 2 



1 1 r 



coth 



2T 



(82) 



Using the WMAP three-year data, in which P n {k Q ) ~ 2.3 x 10~ 9 , R(k Q ) = 0.095 and 
choosing the parameters p = 2, T ~ T r ~ 0.24 x 10 16 GeV and A; = 0.002Mpc~ 1 , we 
obtain from Eqs.(jHU) and © that (0 O - 0i) « 2 x 10 3 m p and T « 10~ n m^. Here 
the scalar potential when the scale is ho = 0.002Mpc _1 is leaving the horizon becomes 
V(4>o) ~ 3 x 10 _10 mp. Note that this value of V(<po) becomes similar to that found for cool 
inflation where a chaotic potential is used 



where it is found that (0o — 4>i) ~ 10 7 m p , T 



Another case of interest is that of p — 4, 
a 10- 22 m 5 p and V(<f> ) ~ lO^m*. In this 
case, from Eq. (|43jl we found that if we decrease the value of (0 — 0i) by a few orders of 
magnitude, then the running spectral index a s takes a value which agrees with the value 
specified by the WMAP observations. 
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V-2. 



T as a function of t 



In this case, for simplicity we considered that the dissipation coefficient is T = j/t, where 
7 is a positive-definite constant ( with the unit of m A p ). By using Eqs.(HJ) and (J75J) . we obtain 
that the tachyonic field becomes 



(3 3 ln[t], 



(83) 



where 4>i is a constant of integration and /3 3 = a/ (2p — 1) p/n^y. We also note that Eq. (J72J) 
is valid for 

2^7 



r 



> i 



3Hp^ " ' 3p 2 (2p-i; 

The potential is now given by 



»exp(-2(0-0 1 )/&). 



(84) 



V(0) 



7/31 



exp 



\ 



/3| exp 



(85) 



From Eqs. (|78jl and (|8Hj) . we obtain that the time at the end of inflation is given by 

(2p - 1) 



3p 



2 \/ « 7 (p — i) 

The tachyonic field in terms of the N e-folds parameter becomes 

'(2p-l) 



(86) 



- <h) = fa 



In 



3 P 
«7 (P- !) 



iV 
7^ 



(87) 



Following a scheme similar to those of the previous cases, in order to calculate the spectrum 



of scalar perturbations and the tensor-scalar ratio, we obtained that 



69.6m r , 



and 7 ~ 0.02 m*, and the potential when the scale ko = 0.002Mpc _1 is leaving the horizon 
becomes V(4> ) ~ 0.2 x 10~ 14 m 4 . We have chosen the values p = 2 and T ~ T r ~ 0.24 x 10 16 
GeV. For the value of the parameters given above, and from Eq.(|43|). we find that the running 
spectral index a s lies in the range established by WMAP observations. 



VI. CONCLUSIONS 



In this paper we have investigated the tachyonic warm inflationary scenario. In the slow 
roll approximation we have found a general relationship between the radiation and tachyon 
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energy densities. This has led us to a general criterion for tachyon warm inflation to occur; 
see Eq. flnp . 

In relation to the corresponding perturbations, the contributions of the adiabatic and 
entropy modes were obtained explicitly. Here, it is shown that the dissipation parameter 
plays a crucial role in producing the entropy mode. Additionally, we have found a general 
relation for the density perturbation expressed by Eq. (JH2j) . The tensor perturbation are 
generated via stimulated emission into the existing thermal background (see Eq. (p£f|) ). an d 
the tensor-scalar ratio is modified by a temperature dependent factor. 

Our first specific models are described using an exponential scalar potential and for two 
different dependences of the dissipation coefficient, T. In the first case, we took T = T = 
Cte. and we have found that the number of e-folds in this case is insufficient. For the 
case in which the dissipation coefficient T is taken to be a function of the tachyon field, 
i.e. T = /(0) = c 2 V((p), it has been possible to describe appropriately tachyon warm 
inflationary universe models. Also, in place of choosing a specific form of the scalar tachyon 
potential a priory, we have assumed a power law for the scale factor. Here, we have described 
inflationary models for r = Tq = const and for T variable. In both cases, we have obtained 
explicit expressions for the corresponding scalar potential. By using the WMAP three-year 
data, we have found some constraints for the parameters appearing in our model. From the 
normalization of the WMAP data, the potential becomes of the order of V(<fro) ~ 10~ 15 mp 
when it leaves the horizon, at the scale of ko = 0.002Mpc _1 . 

Dissipative effects plays a crucial role in producing the entropy mode; they can them- 
selves produce a rich variety of spectral ranging between red and blue. The possibility of 
a spectrum which runs from blue to red is particularly interesting because it is not com- 
monly seen in inflationary models, which typically predict red spectral. Models of inflation 
with dissipative effects and models with interacting fields have much more freedom to yield 
spectral. In particular, we anticipate that the Planck mission will significantly enhance our 
understanding of a s by providing hight quality measurements of the fundamental power 
spectrum over a large wavelength range than WMAP. Summarizing, we have been success- 
ful in describing tachyon warm inflationary models for describing the early epoch of the 
universe in the high dissipation regimen. 
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